Abstract: 4,5-Diphenylethynyiphthalonitrile. 4,5-di@-terr-butylphenylethynyl)phthalonitdle, 4,5-di(pneopentoxyphenylethynyl)phthalonitrile. and 4,5-di(p-neopentoxyphenyl-I,3-butadiynyl)phthalonihile were prepare<t via 4.5-diiodophthalonitrile and the appropriate alkyne in palladium-catalyzed coupling reactions. Condensation ol the above alkynylphthalonihiles with lithium 1-octanolate in 1-octanol afforded the desired polyalkynylphthalocyanines, but only 2,3,9,10,I 6,17 ,22,23-octa (p-neopentoxyphenylethynyl)phthalocyanine and 2,3,9,10 ,16,17 , 22,23-octa pneopentoxyphenylbutadnyl)phthalocyanine were soluble enough to be suitably characterized.
Introduction
2,3,9,1 0,1 6,1 7,23,24 -O cta-substituted phthalocyani n es a re well-known (l), and have been studied for applications in a wide variety of areas, including dyes (2) , chemical sensors (3) , nonlinear optics (4) , and photodynamic therapy of cancer (5, 6) . Recently, poly(phenylalkynyl) benzenes (7) and alkynylporyhyrins (8) have been described as possible compounds fbr use in nonlinear optics and anays (8, 9) . With this in mind, a series of 2,3,9,10,16,17,23,24-octaalkynyl- phthalocyanines were prepared (10) and their rH NMR spectra studied with respect to their variation in chemical shifts with concentration and temperature. Alkynyl-substituted phthalocyanines (Pcs) have been found to be particularly interesting in that each alkynyl group causes a red shift of 4-6 nm in the Q-band region of the spectrum, and can hence be appiied in "fine-tuning" a Pcs absorption spectrum.
Not investigated in our original series of octaalkynylphthalocyanines were those substituted with phenylethynyl groups, which would be expected to give a greater red shift due to more extensive n-electron delocalization. Reports Canada. rCorresponding author (teiephone: (416) 736-2100 ext. 33838; fax: (41 6) 7 36-5936; e-mail: ieznoff@yorku.ca).
length alternations (l l), irrcluding conjugated diynyl systems (12) have also prompted our interest in butadiynyl substituted phthalocyanines. In this paper, the synthesis of some 2,3,9, I 0,76,17,23 ,24-octaShenylethynyl)phthalocyanines will be described. The synthesis of a 4,5-di(butadiynyl)-substituted phthalonitrile is also outlined and its condensation reaction with lithium l-octanolate will be discussed.
Results and discussion
Using catalytic quantities of Pd(PPh3)rCl2 and CuI in triethylamine (TEA), 4,5-diiodo-phthalonitrile (l) was coupled with 2 molar equiv of phenylacetylene (2) , to afford 4,5-di(phenylethynyl) phthalonitrile (3) in 10% yield (Scheme 1). Subsequent condensation of 3 with lithium loctanolate in l-octanol gave, after work-up, a dark green solid which was extremely insoluble in most organic solvents (see Scheme 3 below) . Purification of this product, which is believed ro be 2,3,9,10,16,17,23,24-octa(phenylethynyl) phthalocyanine (4) , was made exrremely difticult due to its insolubility, and consequently failed to afford satisfactory proton NMR or FAB mass spectra. A recently acquired MALDI-TOF rnass spectrometer has allowed us to record the parent ion cluster at (1314) of 4. I{owever, a UV-vis spectrum of a probe from the reaction rnixture at 20 h seems to suggest the formation of an MPc. This is indicated by a strong absorption maximum at 724 nn, which would correspond to the expected Q-Band absorption of the dilithium Pc. The high degree of insolubility displayed by the product of this reaction, assuming that it is indeed 4, was believed to be due to aggregation. In an attempt to minimize these intramolecular aggregative effects, the phenylacetylene moiety was functionalized with the bulky tert-butyl group. Thus, l-bromo-4-lerl-butylbenzene (5) was coupled with trimethylsilylacetylene (6) using Pd(PPh3)2C12 and CUI in TEA in a pressure bottle at 95oC, to give 1-trimethylsilyl-2-Qt-tert-butylphenyl)acetylene (7) in 75Y" yield. This compound was then deprotected by treatment with aqueous 5 M NaOH in methanol to give p-tert-butylphenylacetylene (8) in 98% yield. This was subsequently coupled with 4,5- diiodophthalonitrile (1), again using Pd(PPh3)2C12 and CuI, to aflbrd 4,5 -di@-ter t-butylphenylethynyl)phthalonitrile (9) in 88% yield (Scheme 2) .
Condensation of 9 to the corresponding Pc (10) was performed using lithium l-octanolate in l-octanol at 100oC (see Scheme 3 below The two protons on the inner nitrogens however were not obsenred, and a series of high-temperature lH NMR experiments were subsequently conducted to determine whether aggregation may have any effect in obscuring this signal.
The same sample was rerun at incrementally higher temperatures, ranging from 300 to 363 K, but the signal still remained absent. Only after extreme vertical expansion of the spectra was a very broad singlet detected at -4.8 ppm. Additionally, the previously broad aromatic singlets at 300 K began to sharpen, and eventually appeared as a pair ofdoublets (Fig. 3 Condensation of 24 to 2, 3, 9, 10, 16, 17, 23, 6: 153.81, 136.36, 132.A9, 131.23, 125.96, 118.19, 115.04, 113.99, 101.09, 85.45, 35.2'7,31.34 6: 144.75, 133.20, 129.91, 127.97, 79.59, 31.11, 26.14, A mixture of 10 g (45 mmol) of 4-iodophenol (13), 12.1 g (50 mmol) of neopentyl tosylate (12), and 2.8 g (50 mmol) of potassium hydroxide in 30 mL of hexamethylphosphoramide (HMPA) (Caution: Carcinogen) was vigorously stired at 100"C for 3 days. This mixture was then poured into 300 mL of H2O and extracted three times with 100 mL portions of ethyl ether. The combined ether extracts were successively washed with 100 mL portions of H2O, I M IICI, H2O , and then brine, followed by drying over MgSOa, filtration and removal of the solvent by rotary evaporation. The remaining amber oil was chromatographed using silica gel and hexane as eluent to afford 14 as a clear, colourless liquid (10.8 g, 82% yield). EI-MS mlz (Yo): 290 (M*, 60), 220 (100). Uv-vis (THF) The same procedure was used as for the synthesis of 3, using 8.0 g (28 mmol) of 14, 4.1 mL (3.3 g, 33 6: 160.02, 133.62, ll5.I7, 114.60, 105.63,92.39, 78.08, 32.08,26.80,0.32 6: 160.21, t33.73, tt4.7l, 114.03, 84.05, 78.11, 75.81, 32.08, 26.78 (d, J --8.6 Hz, 4ll), 6.92 (d, J : 8.7 Hz, 4H), 3.64 (s, 4H), 1.06 (s, 18H) . t3C NMR (acetone-d6) 6: 162.37, t37.24, 134.80, 131.74, 116.33, 116.03, 1t4.91, 114.66, l0l.5l, 86.12, 79.12, 32.69, 27.02 The by-product, 1,4-di-(p-neopentoxyphenyl)-1,3-butadiyne (21), was obtained in 59%" yield (2.9 g) as a white solid, mp 189-191"C. UV-vis (THF) To a solution containing 200 mg (0.64 mmol) of 20 dissolved in 5 mL of THF were added22 mg (0.032 mmol) of 3, 9, 10, 16, 17, 23, To a vigorously stirred suspension containing 25 mg (0.046 mmol) of 24 itt 0.4 mL of l-octanol, was added 4 mg (0.58 mmol) of lithium metal (rolled to a foil in an argon purged plastic bag). The reaction mixture was heated to 80oC overnight, after which time the colour turned l'rom bright yellow to dark green. The reaction mixture was diluted with l0 mL of hexane and then centrifuged. Perkin Trans. 1,3746 (2000) .
